The Sinorhizobium meliloti insertion sequence (IS) elements ISRm102F34-1 and ISRm220-13-5 are 1481 and 1550 base pairs (bp) in size, respectively. ISRm102F34-1 is bordered by 15 bp imperfect terminal inverted repeat sequences (two mismatches), whereas the terminal inverted repeat of ISRm220-13-5 has a length of 16 bp (two mismatches). Both insertion sequence elements generate a 6-bp target duplication upon transposition. The putative transposase enzymes of ISRm102F34-1 and ISRm220-13-5 consist of 449 or 448 amino acid residues with predicted molecular weights of 50.7 or 51.3 kDa and theoretical isoelectric points of 10.8 or 11.1, respectively. ISRm102F34-1 is identical in 98.9% of its nucleotide sequence to an apparently inactive copy of an insertion sequence element, designated ISRm7, which flanks the left-end of the nodule formation efficiency (nfe) region of plasmid pRmeGR4b of S. meliloti strain GR4. ISRm102F34-1 and ISRm220-13-5 are closely related since they show an overall identity of 57.0% at the nucleotide sequence level and of 47.3% at the deduced amino acid level of their putative transposases. Both insertion sequence elements displayed significant similarity to the Xanthomonas campestris ISXc6 and its homolog IS1478a. Since none of these insertion sequence elements could be allocated to existing families of insertion sequence elements, a new family is proposed. Analysis of the distribution of ISRm102F34-1/ISRm7 in various local S. meliloti populations sampled from Medicago sativa, Medicago sphaerocarpa and Melilotus alba host plants at different locations in Spain revealed its presence in 35% of the isolates with a copy number ranging from 1 to 5. Furthermore, ISRm102F34-1/ISRm7 homologs were identified in other rhizobial species. z
Introduction
Mobile genetic elements such as transposons or insertion sequence (IS) elements have been identi¢ed in individuals of all three domains of organisms, bacteria, archaea, or eukarya. They are characterised by their ability to change their location in their host cell's genome by a process called transposition. By mediating genetic recombination events, such as deletions, insertions or replicon fusions, they contribute signi¢cantly to the extent of natural variation and genomic plasticity [1] . IS elements which encode only those genetic functions related to transposition are widespread in the domain bacteria and have been identi¢ed in numerous bacterial species [2] .
Strains of the agriculturally important soil bacterium Sinorhizobium meliloti, the nitrogen ¢xing symbiont of plant species of the genera Medicago, Melilotus or Trigonella, are known to harbour numerous unrelated transposable elements and more than 15 copies of the same IS element may be present in a strain's genome [3] . Due to the occurrence of IS elements in varying copy numbers and di¡erent genomic locations, they are useful markers for straintyping purposes. Several typing methods based on IS elements have been used for strain classi¢cation. Strains were grouped on the basis of their IS ¢nger-prints obtained in Southern hybridisation of IS elements to restricted total DNA [4] or according to their IS content, i.e. the presence/absence of various of IS elements [5] . Taking advantage of nucleotide sequence data of IS elements and their £anking genomic regions, PCR ampli¢cation using ISspeci¢c primers has been employed to identify strains [6] .
In this paper, we report the nucleotide (nt) sequences of ISRm102F34-1/ISRm7 and ISRm220-13-5 thus extending the spectrum of probes potentially useful for strain classi¢cation purposes. Moreover, the distribution of ISRm102F34-1/ISRm7 in a total of 163 isolates of several local S. meliloti populations was determined. These were sampled from di¡erent host plants grown in various geographic locations in Spain.
Materials and methods

Bacterial strains and growth conditions
Escherichia coli XL13Blue [7] was grown at 37³C on Penassay medium (17.5 g l 3I ). For solid media 15 g of agar per litre of medium was added. The ¢nal concentration of ampicillin per litre medium was 200 mg.
S. meliloti ¢eld isolates from Spanish collections [8] were used for the analysis of ISRm7 distribution within indigenous populations (Tables 1 and 2 ). S. fredii strains HH102 and HH003 [9] , R. leguminosarum bv. trifolii strain RS1050 (F. Rodr| èguez-Quin ì ones) and bv. viciae strain VF39 (U. Priefer) were used for the analysis of the presence of ISRm7 in other rhizobia species. S. meliloti, S. fredii and R. leguminosarum strains were grown at 30³C on TY medium [10] .
DNA manipulations, hybridisation conditions and nucleotide sequence analysis
Plasmid DNA was extracted from E. coli cells following the method of Arnold and Pu ë hler [11] . Restriction endonucleases and other commercially available enzymes were employed according to the manufacturer's instructions. Preparation of competent E. coli cells and transformation with plasmid DNA was done as described by Maniatis et al. [12] .
Total DNA was digested with EcoRI and electrophoretically separated in an 0.8% Tris-borate agarose gel and vacuum blotted onto nylon ¢lters (Hybond-N, Amersham) according to the manufacturer's instructions. DNA probe was obtained by labelling an internal fragment of ISRm7 (508 bp) resulting from the double digestion with PstI^EcoRI enzymes. Labelling with digoxigenin-11-dUTP, hybridisation, washing and immunological detection were performed as speci¢ed by the manufacturer's instructions (Boehringer Mannheim). The ¢lters were washed 2U5 min at room temperature with 50 ml of 2USSC (NaCl 0.3 M; Na-citrate, 0.03 M; pH 7.0); sodium dodecyl sulfate (SDS), 0.1% (w/v) and 2U15 min at 65³C with 0.1USSC; SDS, 0.1% (w/v).
Nucleotide sequences were determined according to the dideoxy method of Sanger et al. [13] using £uorescent primers and the Automated Laser Fluorescent DNA-Sequencer (ALF, Pharmacia). Nucleotide sequence data were processed using the Staden computer software programs [14] . Comparison of nt sequences and deduced amino acid (aa) sequences with database entries was done using the Blast Server [15] .
Results and discussion
3.1. The IS element ISRmI02F34-I shows similarity to ISRm7 located adjacent to the nfe region
The isolation of IS element ISRm102F34-1 by means of the entrapment vector pSUP104-rpsL was described previously [3] . ISRm102F34-1 was subcloned as an EcoRI fragment into sequencing vector pSVB30 [5] and its nt sequence determined.
ISRm102F34-1 is 1481 bp in size and is bordered by 15 bp imperfect terminal inverted repeat (TIR) containing two mismatches. It carries one major open reading frame (ORF) which spans almost the entire length of the IS element and putatively encodes the transposase enzyme. The putative transposase consists of 449 aa residues with a predicted molecular weight of 50.7 kDa. The protein has a theoretical pI value 10.8 which is characteristic for transposase enzymes. The nt sequences of ISRm102F34-1 has been deposited in GenBank under the accession number AF087641.
Homology searches revealed that part of ISRmF102F34-1 displayed nearly identical nt sequences to the ORF A £anking the left-end of the nfe region [16, 17] within the non-symbiotic plasmid pRmeGR4b [18] . Since the sequenced nfe £anking region stored in the database ended within the IS element [16] , its nature was unrecognised previously. Subsequent DNA sequence analysis of the upstream region established the presence of a nearly identical copy of ISRm102F34-1 hereafter called ISRm7. ISRm7 is 1480 bp in size and is 98.8% identical to ISRm102F34-1 in its nt sequence. At nt positions 944 and 1356, respectively, there are deletions of 1 bp, whereas between positions 1174 and 1175, there is an insertion of 1 bp in ISRm7 compared to ISRm102F34-1 (data not shown). As a consequence of these frameshift mutations, the ORF encoding the putative transposase is disrupted suggesting that this copy of ISRm7 is inactive in transposition.
Since the two last bp and the two ¢rst bp of the putative 6 bp target duplication bordering the TIR of ISRm102F34-1 were complementary, there was ambiguity in the size of the transposon as well as the target duplication. From the nt sequences £ank-ing ISRm7 a 6-bp target duplication became obvious since the IS element is bordered by a left`A' and a right`C' (data not shown).
The nfe region located on the non-symbiotic plasmid pRmeGR4b is rich in various IS elements: ISRm3 [19] and ISRm4 [20] are located to the right side of nfeD [17] at 128 bp and 2.5 kb, respectively; whereas ISRm6 is localised 4.3 kb to the left side of nfeD [21] . Eleven kb to the right side of the former loci, a new S. meliloti IS element has been recently identi¢ed and designated ISRm8. The newly identi¢ed IS element displays homology to the insertion sequences IS1357 and IS1452, isolated from Methylobacterium sp. and Acetobacter pasteurianum, respectively [22] . Furthermore, a novel insertion sequence ISRm4-1, is located adjacent to ISRm4 in plasmid pRmeGR4b, where it appears to be interrupted by another IS element, named ISRm9 [23] . ISRm4-1 shows high homology to ISRm4, and as it occurs with this latter element belongs to the IS5 group of the IS4 family of insertion sequences. The ISRm9 putative encoded transposase shows homology to di¡erent elements of the IS21 family. The accumulation of IS elements on plasmid pRmeGR4b resembles the situation found on the symbiotic plasmid pNGR234a of broad host range strain Rhizobium sp. NGR234, where an irregular distribution of mobile genetic elements and their clustering in several IS islands were identi¢ed [24] . It has been hypothesised that such a clustering of IS elements might create a hot spot for insertions of new IS elements entering the host cell. As a consequence of the targeting of incoming IS elements to non-essential genomic sites, the risk of the destruction of vital cellular functions would be minimised.
ISRm220-13-5 is structurally related to
ISRm102F34-1 ISRm220-13-5 which was also isolated by the use of entrapment vector pSUP104-rpsL [3] was subcloned as EcoRI fragment into sequencing vector pSVB30 [5] and its nt sequence determined. ISRm220-13-5 is 1550 bp in size and has TIR of 16 bp containing two mismatches. Like ISRm102F34-1, it carries one major ORF. The putative transposase of ISRm220-13-5 consists of 448 aa residues, its predicted molecular mass is 51.3 kDa. At neutral pH, the protein is negatively charged with a pI value of 11.1. The nt sequence of ISRm220-13-5 has been deposited in GenBank under the accession number AF087642. The rhizobial IS elements are identical in 57% of their nt sequences. At the deduced aa sequence level of their putative transposases, both IS elements display a 47% identity among each other (data not shown).
Both ISRm102F34-1 and ISRm220-13-5, had inserted into exactly the same site of vector pSUP104-rpsL, further stressing their structural relatedness (data not shown). By analogy we propose that the target duplication generated by ISRm220-13-5 upon transposition in pSUP104-rpsL is 6 bp in size, too.
IS elements
Homology searches using the BLAST algorithms revealed that both rhizobial IS elements displayed signi¢cant similarity at the nt sequence level to the X. campestris pv. campestris IS element ISXc6 [25] and its homolog IS1478a (accession no. U59749) which are identical in 99.6% of their nt sequence. Similarity was also noted to a region of plasmid pNGR234a of strain Rhizobium sp. NGR234 [26] . An overall identity of the putative transposases of ISRm102F34-1 and ISRm220-13-5 of 26.8 and 26.8%, respectively to that of ISXc6 was found. The putative transposase of ISXc6 is only 316 aa in size, and most of the homology displayed among the transposases is located in the C-terminal parts. Interestingly, an ORF analysis of the nt sequence of the ISXc6 homolog IS1478a whose nt sequence is stored in the database (accession no. U59749) revealed the presence of an ORF comprising 455 aa. When the putative transposases of the rhizobial IS elements were compared to this ORF, the overall identity increased to 47.2% (ISRm102F34-1) and 42.9% (ISRm220-13-5), respectively. It remains to be determined whether this ORF represents the transposase of IS1478a. ISXc6 which encodes a 316 aa transposase seems to be active in transposition [25] . An alignment of the putative transposases of ISRm102F34-1, ISRm220-13-5 as well as IS1478a is shown in Fig. 1 . In addition to the above-mentioned elements, both rhizobial IS elements exhibited significant similarity at the deduced aa sequence level to Mycobacterium tuberculosis ORFs encoding putative transposases (accession nos. AL009198 and Z92539) discovered in the course of the M. tuberculosis sequencing project [27] and to the hypothetical 44-kDa protein Y4RI encoded by plasmid pNGR234a. Moreover, weak similarity was noted to the N-terminal region of the Escherichia coli IS5 transposase.
A comparison of the nt sequences of the TIR of the rhizobial IS elements and the related X. campestris pv. campestris IS elements ISXc6 and IS1478a revealed a high degree of conservation (Fig. 1) . The similarities among the transposase enzymes as well as the conservation of nt sequences of the TIR suggests that these IS elements belong to a new family of IS elements.
Distribution of ISRm102F34-1/ISRm7 and ISRm220-13-5 in rhizobia
Analysis of the distribution of ISRm102F34-1 in a collection of ten S. meliloti strains of various geographical origins had shown that this IS element occurred in ¢ve of the S. meliloti strains tested [3] . In contrast, the closely related IS element ISRm220-13-5 was absent in most of the strains of the same collection. It was present in a single copy in S. meliloti strain 220-13 and its close relative 220-12 sampled from the same ¢eld site (data not shown). Analysis of the distribution of ISRm7/ISRm102F34-1 within S. meliloti native populations comprising 163 isolates sampled from di¡erent host plants established its wide distribution. An average of 33% of the strains tested carried the IS element with a copy number ranging from 1 to 5 (Tables 1 and 2 ). Thus, the newly identi¢ed IS element extends the spectrum of IS probes which can be used for strain characterisation. Despite its limited distribution, ISRm7/ISRm102F34-1 may be useful for strain typing purposes, in particular, if it is used in combination with other IS elements.
DNA hybridisation experiments performed to assess the presence of ISRm102F34-1/ISRm7 homologs in other rhizobial species, such as Sinorhizobium fredii or Rhizobium legumionosarum biovars trifolii and viciae indicated a wider distribution of this IS element since ISRm102F34-1/ISRm7 homologs were found in two strains of S. fredii (data not shown).
